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JEFFREY A. MILLER
PROJECT ENGINEER

PROFESSIONAL HISTORY

Remediation Technologies, Inc., 1991 to Present
Stuart-Ironsides, Inc., 1986 w0 1991
West Virginia University, 1983 to 1986

EDUCATION

M.S. (Petroleum Engineering) West Virginia University
B.S.  (Petroleum Engineering) Marietta College

TECHNICAL SPECIALITIES

Computer Modeling
Interpreting Subsurface Pressure Measuremeats

NAL EXPE
Project Engineer for soil veating/groundwater acration system. Responsible for system design, installation,
start-up and pilot operation. The system include 2 horizontal soil gas collection system and five
groundwater air injection wells. Offgas from the system was treated with activated carbon.
Project Engineer for conceptual design for refinery storm sewer system.
Certified interim inspector and installer for underground storage tanks in Pennsylvania.

Plant engineer and manager for 1.5 million gallon per year manufacturer of specialty lubricants primarily
used in aluminum rolling. Responsible for all phases of production operation and management.

Field Engineer for treating 10,000 gallon/day oil-contaminated water. Responsible for testing, treating,
and releasing.

Project Coordinator for U.S. D.O.E. Eastern Tight Gas Formations Data Base Project.

Project Engineer responsible for design, installation, and start-up of a soil venting/groundwater acration
system. _

PRESENTATIONS AND PUBLICATIONS

S. Ameri, K. Aminion, J.A. Miller, D. Doricich, West Virginia University and A.B. Yust . U.S.
D.O.E./METC. A Systematic Approach for Economic Development of the Devonian Shale Gas Resources,
Presented at the 1985 Society of Petroleum Engineers (SPE Paper 14504), 1985 Eastern Regional Meeting.
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JOHN R. SMITH
PRINCIPAL/CIVIL/ENVIRONMENTAL ENGINEER

PROFESSIONAL RY

Remediation Technologies, Inc., 1988 to preseat
Keystone Environmental Resources, 1985 to 1988
Koppers Company, 1978 to 1985

Calceronis and Spina, 1978

Erie County Department of Sewerage Management, 1978
State University of New York at Buffalo, 1976 to 1978

EDUCATION
Ph.D. (Civil/Environmental Engineering) Carnegie-Mellon University
M.S. (Civil/Environmental Engineering) State University of New York
B.S. (Civil Engineering) State University of New York at Buffalo
B.S. (Forest Engineering) State University of New York at Syracuse

PROFESSIONAL REGISTRATIONS
P.E. - Pennsylvania
TECHNICAL SPECIALTIES
Management of sites contaminated with coal tar and wood treating chemicals.
Execution of lab- and field-scale treatability studies in support of full-scale site remediation; engineering
evaluation, design and implementation of physical/chemical and biological treatment processes for the

treatment of soils, groundwater, and process wastewaters contaminated with coal tar and petroleum related
chemicals; execution of process wastewater characterization studies; in situ anaerobic treatment of coal tar

related chemicals.
REPRESENTATIVE PROJECT EXPERIENCE

Givea Expert Witness Testimony related to wood treating sites.

sote, Penta, Cellon d CCA W i ant ifornia: As part of an RUFS study,
conducted pilot- and lab-scale treatability work examining treatment of on-site and off-site groundwater,
plant wastewaters, and contaminated soils/sludges. Treatment process evaluated included chemical
coagulation/flocculation, seration tank treatment, trickling filter treatment, activated carbon, chemical
oxidation, and biological filtration. Also performed plant-uptake study of trace organics present in
groundwater used for irrigation of agricultural crop plants. Fish bioassays of the treated effluent were also
carried out.

Chemical Processing Plant, Pennsylvania: Pilot-scale treatability work examining reverse osmosis
treatment followed by post-treatment evaluation of organics removal by both chemical oxidation, and
activated carbon adsorption of several plant efflueat streams and contaminated groundwater. Fish toxicity
testing of the treated effluent was also performed.

Creosote, CCA, and Penta Wood Preserving Plant, Colorado: Treatability/characterization work,
conceptual design, process design, construction supervision, and start-up of a treatmeat system comprised
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of coagulation/flocculation pretreatment followed by chemical oxidation of plant wastewaters prior to
discharge to a POTW,

Previously Operated Penta and Creosote Wood Preserving Plant, New Hampshire:
Characterization/treatability work, conceptual design, process design review, construction supervision, and
start-up of a treatment system comprised of chemical pretreatment for oil/water separation followed by
chemical oxidation of pumped contaminated groundwater prior to discharge to a POTW. Pilot- and
lab-scale evaluation of land treatment of contaminated soils as part of RI/FS work.

Wood Preserving Sites, California, New Hampshire, [linois, and Maryland: Pilot- and bench-scale
evaluation of land treatmeant of contaminated soils and sludges.

Confidential Client: Implemented an in situ groundwater treatment System in conjunction with above
ground ireatmeat at a pentachlorophenol window treating site. Treatment system implemented involved
pumping groundwater, treating it by oil/water separation, UV/Ozone, and activated carbon adsorption
processes followed by chemical addition to maintain in situ biological activity prior to groundwater
reinjection.

Petroleum Refining Site, Texas: Designed and implemented a 70 gpm groundwater treatmeat system
comprised of oil/water separation and activated carbon treatment. Such treatment was needed to comply
with RCRA TC requirements prior to deep well injection.

Coke Manufacturing, Coal-Tar Distillation Site, Minnesota: Managed a project from paper screening of
applicable technologies through design and implemeatation of a 140 gpm groundwater treatment system
comprised of sand filtration with potassium permanganate chemical oxidation for iron removal followed
by activated carbon treatment prior to NPDES discharge.

SELECTED PRESENTATIONS AND PUBLICATIONS

Smith, J.R. and J.K. Fu, "Treatmeat of Coal Gasification Wastewaters," Preseated to Study-Visit Group
for Wastewater Treatment involved in High Pressure Coal Gasification Plants to U.S.A., Bureau of Scieace
and Technology - Ministry of Construction - The People’s Republic of China, Chicago, Illinois, April
1988.

Smith, J.R., Panel Member on The United States Environmeatal Protection Agency Workshop on
Biotechnology and Pollution Control, Bethesda, Maryland, March 20-21, 1986.

Smith, J.R., et al., "Application of Biodegradation Screening Protocol to Contaminated Soils from
Manufactured Gas Plant Sites®, Proceedings of the Institute of Gas Technology Symposium on Gas, Oil,
and Coal Biotechnology, The Royal Sonesta Hotel, New Orleans, LA, December 11-13, 1989.

Smith, J.R. and R.L. Weightman, "Co-Treatment of Manufactured Gas Plant Site Groundwaters with
Municipal Wastewaters, Final Technical Report Prepared for the Gas Research Institute, Chicago, IL,
GRI-88/0218, NTIS No. PB-8911524D/XAB, August 1988.

Ryan, I.R., and J.R. Smith, “Land Treatment of Wood-Preserving Wastes.” Proceedings of the National

Conference on Hazardous Wastes and Hazardous Materials. Hazardous Materials Control Research
Institute, Washington, DC, p. 80-86, 1986.
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ROBIN L. WEIGHTMAN
ENVIRONMENTAL SCIENTIST

PROFESSIONAL RY

Remediation Technologies, Inc. 1988 to present

Keystone Eavironmeatal Resources, Inc. 1986 to 1988
(Subsidiary of Koppers Company, Inc.)

Koppers Company, Inc. 1981 to 1986

Westinghouse Electric Corp. 1979 to 1981

EDUCATION

B.S. Peansylvania State University, University Park, PA
Eavironmental Resource Management

IE AL T

Designing, implementing, and evaluating laboratory and pilot-scale soil and water treatability studies.
Field operations including start-up and sampling.
Performing environmental reviews.

BACKGROUND AND EXPERIENCE

Mr. Weightman has beea involved in many engineering and environmental studies. These studies included
biological sampling, water and wastewater characterization, soil and water treatability studies, wastewater
treatment system conceptual design and full-scale start-up. Be has considerable experience in the operation
of bench- and pilot-scale wastewater treatment systems, as well as laboratory expedence. His relevant
experience includes:

Project Scientist for wastewater characterization and treatability studies for several wood treating plants.
His work included operation of bench- and pilot-scale wastewater treatment units, data compilation, and
report preparation.

Project Manager for a research institute involving former manufactured gas plants. Project included the
establishment of site investigation protocols and remediation alternatives. Major tasks included technical
writing, budget control, project schedules, and overall project managemeant.

Served as a primary project team member responsible for completing feasibility studies at several
manufactured gas plant sites. Primarily responsible for remedial alternative screening and subsequent
detailed evaluations.

Project Scientist for a emergency response resulting from a spill of wood treating solution. Project
included water and soil sampling, coordination with EPA and state officials, site survey and volume
estimates, and site remediation. '

Conducted a treatability program including both laboratory- and pilot-scale studies addressing the following
technologies for MGP groundwater: gravity separation , oil/water separation, sand filtration, chemical
oxidation, carbon adsorption, and air stripping.

Managed a pilot-scale study to evaluate MGP groundwater treatment at a POTW. This study lead to a
subsequent study involving a full-scale field demonstration of MGP groundwater treatment at several
POTW's.
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Project Scientist for a conceptual design, full-scale start-up and operation of a wastewater treatment system
for a wood treating plant. Major tasks included preparation of & conceptual design and an operations
manual for the full-scale system.

Project Scientist for a baseline study to collect water quality data and fish tissue analysis as part of &
Remedial Investigation/Feasibility Study (RUFS).

Project Scientist/Senior Environmental Technician for a variety of projects that included: water sampling,
biological sampling, surveying, stream gauging and flow measurement, laboratory testing, beach- and
pilot-scale operations, data compilation, report preparation, wastewater treatment conceptual design, and
project proposal preparation. ‘

Senior Environmental Technician for a baseline study for a proposed peat harvesting site. Major tasks
included stream gauging, water quality sampling, and biological sampling.

PUBLICATIONS

Smith, J.R., R.L. Weightman, et al., "Co-Treatment of Manufactured Gas Plant Site Groundwaters with
Municipal Wastewaters, Presented at the 61st Annual Water Pollution Control Federation Conference,
Dallas, Texas, October 2-6, 1988.
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MARK S. WESTRAY
PROJECT SCIENTIST

PRO IONAL HISTORY

Remediation Technologies, 1990 to present

Westinghouse Environmeatal & Geotechnical Services, Inc., 1988 to 1990
IT Corporation, 1986 to 1988

FMC Corporation Aquifer Remediation Systems, 1984 to 1986

EDUCATION

M.S. (Eavironmeatal Sciences and Engineering) University of North Carolina
B.S.  (Biology) University of North Carolina

AFFILIATIONS

American Society for Microbiology

Association of Groundwater Scientists and Engineers

Society for Environmeatal Toxicology and Chemistry

Subcommittee on Bioremediation, Hazardous Waste Treatment Council

TECHNICAL SPECIALTIES

Bioremediation techniques for treatment of contaminated soil, groundwater, sludges and wastewater; design
of groundwater injection/recovery systems; design of land treatmeant and composting systems; in situ
bioremediation systems design; biological feasibility/treatability studies and pilot-scale systems; integration

of remedial processes.

REPRESENTATIVE PROJECT EXPERIENCE

Chemical Manufacturers: Project Manager for the evaluation of subsurface remediation alternatives at a
polyolefin plant in southeast Texas. Project included laboratory and field pilot studies to address the
efficacy of in situ soil flushing, bioremediation and vacuum extraction. An economic and engineering
evaluation was also performed to project the ultimate costs and effectiveness of the various remedial

approaches when applied to the entire 12-acre site.

Wood Treating Site, Mississippi: Project Manager for & former wood treating site, which involved the
coordination of subsurface remedial activities, continuing on-site and off-site contaminant investigation, and
Consent Order compliance. The project also involved laboratory treatability studies and field pilot to

evaluate the effectiveness of in situ bioremediation to treat residual PAH contamination.

Wood Treating Site, Alabama: Co-Project Manager for remedial and investigatory activities in compliance
with RCRA Post-Closure and HSWA permits. Requirement for Corrective Measures Studies included
treatability studies to evaluate biological treatment of PAH-contaminated groundwater and PAH/PCP

contaminated soils.

Electric Utility, Virginia: Project Manager for soils and hydrogeologic investigations and risk assessment

associated with the decommissioning of a power generating station on the Virginia Eastern shore.
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State Superfund Site, North Carolina: Project Manager for the preparation of an RI Work Plan,
performance of the RI/FS, and removal of USTs, lagoon closure, and associated remedial activities at a
former industrial processing facility.

Petroleum Marketing Facility, Washington, DC: Project Manager for in situ bioremediation project.
Directed the engineering design and implementation of the remediation program that included groundwater
recovery, pH adjustmeat, air stripping, hydrogen peroxide and nutrient addition, and reinjection through
a system of infiltration galleries and injection wells.

State Superfund Site Remediation, North Carolina: Project Manager for soil bioremediation project in
Snow Hill, North Carolina. Project responsibilities included design and evaluation of a composting system
pilot study and design,implementation and supervision of a full-scale composting system to treat soils
contaminated with phthalates.

North Carolina Municipality: Project Manager for composting bioremediation project for treatment of
2,000 cubic yards of petroleum contaminated soil. Project responsibilities include system design,
coordination of excavation and treatment activities.

Lead Groundwater Remediation, New York: Project Manager for the engineering design of an in situ
bioremediation program for treating gasoline contamination in a drinking water aquifer in Lower New York
State. The design featured a 300-foot injection trench.

Chemical Manufacturer: Project Manager for the feasibility assessment and process design for application
of in situ bioremediation at a Superfund site in Ocean County, New Jersey.

Petroleurn Company: Project Manager for an in situ bioremediation pilot project for treatment of phenolic
contamination of a deep aquifer at an oil refinery in southeast Louisiana.

Westinghouse Environmental Services: Program Manger for the Bioremediation Center of Excellence at
Westinghouse in Cary, North Carolina. Responsibilities included business and technology development,
design of bioremediation feasibility/treatability studies, supervision of a 1,200 square foot remediation
testing laboratory and project management.

PUBLICATIONS

Lang, D.J., S.T. Joyce, and M.S. Westray, "Land Treatment of Petroleum Contaminated Soils with
Sewage Sludge,” New England Environmental Expo, 1990.

Westray, M.S., "Design Considerations for In Situ Bioremediation,” Underground Storage Tank
Management and Hydrocarbon Contamination Cleanup, Resource Education Institute, Inc., 1988.

Downey, D.C., R.E. Hinchee, and M.S. Westray, "Enhanced Bioremediation of a JP-4 Contaminated
Aquifer,” Environmental Risk: Recognition, Assessment, and Management, SETAC, 1987.

Westray, M.S., "Groundwater Microbiology: Observations and Commeats,” AGU Chapman Confereace,
Snowbird, Utah, 1986.
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REIEC

SUPERFUND SITE INVESTIGATION AND BIOREMEDIATION
OF TWO CREOSOTE WASTE IMPOUNDMENTS

Extensive groundwater and soil contamination occurred from leakage from unlined surface
impoundments, spills around product handling areas, and leaks from underground piping at this
CERCLA site in Minnesota.

ReTeC personnel completed an RI/FS and Risk Assessment based on information from numerous
borings and test pit excavations in the impoundments and around the site. Quantities of sludges and
contaminated soils were also determined. Over 30 groundwater monitoring wells were installed at
three different depths to characterize the horizontal and vertical extent of groundwater
contamination. A 72-hour pump test was conducted to define aquifer parameters for design of a
gradient control well system. Predicted cones of depression and capture zones for the gradient
control well system were compared to the groundwater plume to ensure that all contaminated
groundwater was being intercepted. A NPDES permit was obtained for discharge of the extracted
groundwater to the Mississippi River.

ReTeC personnel prepared design and construction documents, and managed construction of an on-
site biotreatment facility. Laboratory and field plot treatability studies were conducted to
demonstrate the feasibility of biological treatment and to develop design and operating criteria for
the facility. Based on the treatability studies, a 3-acre lined facility was constructed in 1985 to treat
approximately 10,000 cubic yards of sludge and contaminated soils. This was the first biological
treatment system for decontaminating CERCLA wastes in the country.

All site investigations were conducted according to EPA protocols for Superfund investigations.
Detailed work plans were prepared specifying project management plans, data management plans,
QA/QC plans, and health and safety procedures to be followed for the investigation. ReTeC
personnel actively participated in negotiations with the Environmental Protection Agency and the
Minnesota Pollution Control Agency to define the scope of site investigation activities. Due to
ReTeC’s pragmatic approach to the investigation and remediation of the site, several million dollars
were saved during the study and remediation phases of the project.
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SUPERFUND SITE REMEDIAL DESIGN AND REMEDIAL ACTION

EPA issued a Record of Decision (ROD) on a 15-acre parcel where soils and groundwater
contaminated by chlorinated solvents, pesticides, PAHs, and PCBs had been discovered. The
ROD specified four remedial elements including incineration of soils, in situ volatilization of
chlorinated solvents in soils, off-site disposal of miscellaneous debris, and pumping and treating
of groundwater contaminated by chlorinated solvents.

The PRP responsible for this site retained ReTeC to negotiate the Consent Decree and Scope of
Work for implementation of the ROD and to subsequently design and implement the Remedial
Action. Extensive negotiations were successful in allowing off-site incineration as opposed to
on-site incineration as specified in the ROD to equally effective but less expensive alternatives.

Remedial design required detailed characterization of the engineering properties of the various
contaminated media, groundwater modeling to determine the most efficient extraction system
design and pilot-scale testing of the various treatment technologies followed by design of the full-
scale remediation. Detailed construction documents will be prepared including plans and
specifications. Upon final approval of the remedial design, detailed project operation plans will
be prepared and the remedial action implemented.
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SOIL WASHING AND BIOLOGICAL SLURRY REACTOR TESTS
ON CONTAMINATED MANUFACTURED GAS PLANT SITE SOILS

RETEC was contracted by a New York state utility to examine the ability to remove soil
contaminants from a contaminated MGP site soil and to biologically treat the contaminants which
report to the aqueous phase extract. The testing program consisted of performing a treatability
protocol developed by RETEC for the Gas Research Institute (GRI). This protocol consists of
abiotic (non-biological) desorption tests using the contaminated soil and buffered water solutions
(i.e., simulated groundwater) followed by biological treatment of the soil in a liquid/solid,
continuously stirred tank reactor. The desorption tests provide information regarding the ability
to wash the contaminants from the soil; the slurry reactor tests provide data on the
biodegradation of the extracted contaminants. In addition to using buffered water, the test
program also considered using water with selected additives (e.g., water-soluble solvents or
surfactants).

Use of this protocol provides data related to the biodegradability of MGP site soils. It can be
implemented within a four- to six-week time frame, whereas, conventional microcosm work
generally takes four to six months to complete.
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FEASIBILITY STUDY FOR MGP SITE

RETEC is conducting a feasibility study for a 65-acre site contaminated with a variety of wastes
from the operation of manufactured gas plants. At this site, both a water gas and a coking gas
facility were operated from the 1880s through the 1950s. In addition, facilities were constructed
and operated to process the by-products from both operations, and at least one steam-electric
plant was built and operated. The site is a peninsula in mid-state New York, and is subject to
a consent order with the state environmental regulatory agency.

The work completed to date includes identification of and participation in supplemental
investigatory activities; identifying applicable, or relevant and appropriate regulatory
requirements; identifying response objectives and general remedial responses, and identifying
and screening appropriate remediation technologies. Continuing work will follow the EPA
requirements and guidelines for remedial activities under Superfund.
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REMEDIATION OF A PETROLEUM PRODUCTS TERMINAL

A petroleum products terminal was decommissioned and was proposed for redevelopment as a
residential complex by an independent real estate developer. ReTeC was retained by the terminal
owner to review site characterization data and develop a remedial action plan. Based upon the
nature and concentration of contamination at the site, as wells as the proposed time frame for the
sale and redevelopment, biological treatment was identified as the most cost-effective technology by
the goals of the remediation.

To further define the type and extent of contamination on site, ReTeC performed a subsurface site
investigation. In addition to establishing limits of excavations, this task defined areas of mixed
contamination and areas contaminated by a single product. This in turn allowed for areas to be
segregated and remediated in a specialized manner thereby improving the overall throughput on the
site.

ReTeC undertook a bench-scale treatability study to demonstrate applicability, as well as define full-
scale operation parameters for the biological treatment technology. From this, ReTeC developed the
Remedial Action Plan including site engineering, design of treatment technology, surface drainage,
subsurface dewatering, groundwater treatment, and product recovery. ReTeC assisted the owner in
negotiating regulatory approval of the remedial action plan including clean-up criteria.

ReTeC solicited bids from earth moving contractors and performed bid evaluation and contract
negotiations. ReTeC has operated the biological treatment system and acted as project manager-in-
charge of the earth moving subcontractor and the analytical laboratory. In association with the
biological treatment, ReTeC is demonstrating in situ biological treatment of fuel oil constituents in
the vadose zone. In this pilot-scale system, ReTeC is sparging oxygen through the soil mass and is
periodically adding moisture and nutrients.
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BIOREMEDIATION OF PETROCHEMICAL SLUDGES
AT A MAJOR TERMINAL FACILITY

ReTeC was contracted to provide environmental engineering and field services for the bioremediation
and closure of a 10-million gallon holding basin in Texas. The primary objective of this project is to
biologically treat the petroleum/petrochemical sludges to the greatest extent possible before stabilizing
of the treated residuals and capping of the site. Four million gallons of sludges are currently being
treated in place. Downdraft surface aerators were installed to provide mixing and aeration while
minimizing volatilization of hazardous compounds. Nutrients (nitrogen and phosphorus) are added
weekly to ensure optimum carbon to nitrogen to phosphorus ratios.

ReTeC'’s services on this project have included:

° design of the treatment system and preparation of a comprehensive work
plan;

® site preparation;

° aeration/mixing equipment installation;

] equipment operation,;

° system monitoring/maintenance (sampling and analysis); and

° review, interpretation, and reporting of performance results.
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SITE INVESTIGATION AND PRODUCT RECOVERY FOR
MONTANA RAILROAD FUELING FACILITIES

Subsurface investigations are being conducted by ReTeC to evaluate the areal extent and
product thickness of diesel fuel on a shallow aquifer system at these railroad fueling facilities
in Montana. Monitor wells were drilled and soil test pits were dug near the fueling areas
to locate the contamination. Investigations have identified contamination source, type,
product thickness and areal extent of miscible and immiscible groundwater contamination.
Characterization of the aquifer established values for hydraulic conductivity, storativity,
porosity, aquifer thickness, geologic lithology and groundwater flow direction.

Fuel oil product has been discovered at one site; recovery systems were designed and fuel
recovery systems are now in operation. Soil remediation systems for the sites are currently
being designed and proposed methods include biological land treatment or composting.
Groundwater remediation at one site is being planned and includes product recovery,
oil/water separation and injection of treated water via an infiltration gallery to the aquifer.
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SITE INVESTIGATIONS AND RESPONSE ACTIONS

Organic and inorganic wood preservatives have entered the soils, shallow groundwater and
a small stream at this abandoned wood treating facility in Oregon. ReTeC provided expert
witness testimony to support a case between the property owner and the bankrupt site
operators. The property owner was awarded funds for site clean-up costs.

Site characterization activities by ReTeC and others have shown that organic and inorganic
wood preservatives have entered the soils, shallow groundwater and a stream on-site. Under
the terms of an EPA emergency order, contaminated groundwater and storm water were
contained and stored in on-site tanks. A submerged fixed-film bioreactor was designed and
operated by ReTeC to biologically remove creosote (PAH) and pentachlorophenol (PCP)
constituents prior to carbon treatment and POTW discharge.

Soils were excavated from the stream and oil absorbent booms and pads were installed and
maintained. The treating facility was demolished and all waste residues treated and disposed
of.

ReTeC evaluated treatment alternatives for contaminated soils including an incineration test
burn and slurry-phase biological treatment. Additional site investigations are now being
conducted under State oversite and final documents will be prepared to characterize the
extent of and develop a recommended alternative for soil, surface water, and groundwater
contamination.
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PETROLEUM MARKETING TERMINAL
SOIL VAPOR EXTRACTION

ReTeC is responsible for design, installation, and start-up of a soil vapor extraction system to
remediate an unleaded gasoline release to the soil at a petroleum marketing terminal in Boise,
Idaho. The release of 66,000 gallons of product contaminated the underlying soil and resulted
in free product accumulation on the water table.

Located in a commercial/residential area, the site is situated on older river alluvium composed
of silt, sand, and gravel deposits totalling about S0 feet thick. The saturated alluvium is the
local water table aquifer which has been affected by the spill. The water table ranges from 20
to 30 feet below the surface with off-site migration of 10 to 50 feet per day. Annual
groundwater fluctuation is 10 feet, creating a smear zone in the vadose zone, thus complicating
recovery. Data from a vapor extraction pilot test at the site was used to optimize remedial
design.

The ReTeC vapor extraction design consists of three main components: vapor extraction
wellpoints, a blower and piping to extract and transport air, and an exhaust air treatment system.
Exhaust air from the vacuum blower is incinerated with a thermal oxidizer to comply with State
air discharge permit requirements. ReTeC estimates a 160-foot radius of influence at two
extraction wells (combined flow is 250 SCFM) to recover the equivalent of 22 gallons/hour of
liquid hydrocarbons during initial operation. Extraction is anticipated to decrease with time over
an estimated two-year remediation period.
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CONFERS NO RIGHTS UPON THE CERTIFICATE HOLDER. THIS CERTIFICATE

ESUE DATE (MW/00/YY)

FRANK B. HALL & CO. OF MA, INC DOES NOT AMEND, EXTEND OR ALTER THE COVERAGE AFFORDED BY THE
99 HIGH STREET POLICIES BELOW.
BOSTON, MA 02110-3271 COMPANIES AFFORDING COVERAGE
617-482-3100 &qﬁ;w A
PLANET INSURANCE COMPANY
S D" B
FIRST STATE INSURANCE
REMEDIATION TECHNOLOGIES, INC. fg‘"g;w c
1301 W, 25TH STREET, SUITE 406 HARTFORD UNDERWRITERS
AUSTIN 2N o
™ 78705 %‘"i’;'ﬂ E

THIS 1S TO CERTFY THAT THE POLICES OF NSURANCE LISTED BELOW HAVE BEE HE VE RIO

NOICATED. NOTWITHSTANDING ANY REOUIREMENT, TERM OR CONDITION OF ANY CONTRACT OR O THER DOCUMENT WITHRESPECT TO WHICH THIS
CERTFICATE MAY BE ISSUED ORMAY PERT AN, THE INSURANCE AFFORDED BY THE POLICES DESCRIBED HEREIN 1S SUBJECT TO ALL THE TERMS,
EXCLUSIONS AND CONDITIONS OF SUCH POLICES. LMITS SHOWNMAY HAVE BEENREDUCED BY PAID CLAMS.

D NAME

‘.::J TYPEOF INSURANCE POLCY NUMBER POLICY EFTECTIVE | POLICY !!’RATWOJ LiMrs
DATE (MM/0O/YY) | DATE (MM/DD/YY)
"GENERAL LIABLTTY GENERAL AGGREGAITE f 2. 000,000
A | X ] comvencian senerar vty | NGB 125938702 2/02/92 2/02/93 [ PRODUCTS-COMP/OP AGS. $ 2,000,000
L'cuus MADE OCCUR. PERSONAL & ADv. iNRY |8 2 000,000
OWNER'S & CONTRACIOR'S PROT. (ACH_OCCURRENCE $ 2,000,000
FIRE DAMAGE (Awy ome fire) |§ 50,000
MED. EXPENSE (Awy one person § 5,000
| WTOMOGRE LiABLITY COMBINED SINGLE '
Al | awravio NKA 125887902 2/02/92| 2/02/93 |™! 2,000,000
| X | Att owsgo autos BODILY INJURY N
.l. SCREDULED AUTOS (Per person
X | voReD AuTOS 80DILY INJURY $
E NON-ONNED AU10S (Per accident
| | samast vasiuty PROPERTY DAMAGE $
X | MCS-90 END'T
ExcessLIABLMTY EACH OCCURRENCE $ 3,000,000
B | X | uvsreria FORM RENEWAL OF 2/02/792 2/02/93 | AGGREGAITE f 3,000,000
DINER THAN UMBRELLA FORM Us0003248 i
WORKER'S COMPENSATION | stargron nars G : ‘s
C O T2NWICMIT1W 1701792 1701793 | tACH ACCIDENT $ 1,000,000
EMPLOYERS LIADRTY DISEASE-POUICY LMIT $ 1,000,000
DISEASE-EACH EMPLOVEE $ 1.000.000
OTHER
A | CONSULTANTS NTF201572401 2/02/92 2/02/91 $2000000 EACH CLAIM
ENVIRONMENTAL 2)000‘000 AGGREGATE
LIABILITY 250000 SIR

DESCRPTION OF OPERATIONSILOCATIONS/VEHICLESISPECIAL TEMS

SAmMpP

"ACQRD 2%-§ {2/%0)

—

" ExPRATION DATE THEREOF. THE ISSUNG COMPANY WRL ENOEAVOR 10
“: MAL 90 DAYSWRITTENNOTICE TOTHECERTIFICATE HOLDERNAMEDTO THE
.7 LEFT_BUT FAILURE TO MAL SUCH NOTICE SHALL MPOSE NO OBLIGATION OR

LIABLITY OF ANY KINDUPON THE COMPANY . ITS AGENT SORREPRESENT ATIVES

Pstinl

P TN
- AUTHORIZED acmsmU

kééLR{)\CO RPORATION 1980

292840000
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QUALIFICATIONS OF SUBCONTRACTORS



SUBCONTRACTOR QUALIFICATIONS

As noted in the proposal, the only subcontractors RETEC will use are for drilling, surveying
and analytical services. Quotes have been solicited from reputable contractors who have worked
with RETEC in the past and are qualified to undertake this work; however, these quotes have
not been confirmed in writing at the time this proposal was prepared nor were qualifications
received. RETEC is proposing to solicit written proposals from a minimum of two vendors of
these services and will provide qualifications and detailed cost breakdowns at that time.



APPENDIX I

STANDARD OPERATING PROCEDURES

BIODEGRADATION PILOT STUDY
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-STANDARD METHOD FOR MICROBIAL ENUMERATIONS
Approval: %W Date: /- 22 /79
Approval: 7 (/’V Date: I~ 22775/
A
v J

1.0 SCOPE

Microbial enumerations are performed to estimate both the total number of
organisms in an environmental sample, and the number of organisms capable of degrading
specific compounds of interest. Microbial enumerations using plate count and most probable
number (MPN) determinations provide a measure of total microbial biomass in a sample.
The potential for biodegradation of chosen contaminants in a given environment may then
be inferred from enumeration data. Microbial counts can also be used to assess the
potential toxicity of the contaminants present at a site to microorganisms, and the response
of microorganisms to alternative management practices.

Enumerations are a relatively inexpensive method of measuring the overall biological
health of a given sample and for verifying the presence and abundance of specific
physiological types of organisms (such as oil-or PAH-degrading organisms).

2.0 SIGNIFICANCE AND USE

Microbial enumerations may be performed to estimate the total viable microbial
biomass within a given sample, to assess the potential toxicity of the contaminants present
at a site, and subséquent]y to examine the response of microorganisms to alternative
treatability practices.
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Using a selective plate count technique in which an organic contaminant is
incorporated into the microbiological media as the sole source of carbon and energy, specific
nutritional groups of microorganisms or "specific degraders” may be enumerated. This
standard method includes methods for enumerating total aerobic heterotrophic
microorganisms, polynuclear aromatic hydrocarbon (PAH) degraders, volatile organic
degraders and oil degraders.

3.0 MATERIALS

The following materials (in addition to standard laboratory equipment) are needed
to perform microbial enumerations:

. test tubes and racks;

. pipet 0.1-1 ml;

. vortex shaker;

. petri dishes;

. autoclave; _
. "hockey stick" (glass rod bent at 90° angle);
. spin plate;

. bunsen burner;

. Quebec colony counter;

. Laminar flow microbiological hood;

. media;

- plate count agar (Difco 0479)
- noble agar (Difco 0142)

. chemicals;
- Na(l]
- KOH

. - chemicals for minimal salts;
- (NH,);SO, - KH,PO,
- K,HPO, - MgSO,
- Ca(Cl,.2H,OFe - SO,.7TH,0
- CuSO,.5H,O - CoCl,.6H,O
- MnCl,.4H,0 - NaMoO,.2H,0
- ZnC],.TH,0
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. specific carbon sources;
- phenanthrene
- naphthalene
- oil (motor oil)
- toluene
- biphenyl
- salicylate
- pentachlorophenol
- hexadecane
- cyclohexane
- pristane
- dodecane
- butylcyclopentane

4.0 PROCEDURES

4.1 General Microbial Enumerations

The enumeration of microorganisms within a soil or aqueous sample generally
requires serial dilutions of the sample into a sterile diluent solution prior to transfer to a
growth medium. Since plates containing too many colony forming units (greater than 300)
cannot accurately be counted, and plates with too few colony forming units (less than 30)
must be discarded from the counting procedure for statistical considerations, serial dilutions
are performed to ensure countable results. For soil microbial enumerations, one gram of
soil is aseptically transferred to nine ml of sterile saline solution (0.85 percent). For
microbial determinations in a liquid sample (slurry, water inoculum, etc.), one ml of liquid
is aseptically transferred to nine ml of sterile diluent with appropriate serial dilutions
following. The optimal number of colonies per plate is between 30 and 300.

After achieving the desired dilutions, spread plates are prepared by transferring a 0.1-
ml aliquot of sample to the appropriate medium surface and spreading with a flame-
sterilized hockey stick to evenly cover the agar surface. Sample dilutions are routinely plated
in duplicate to ensure greater accuracy. The plates are incubated in an inverted position to
eliminate condensation on the agar surface. Inoculated plates are generally incubated at
room temperature for 48 to 72 hours. Enumeration of specific degraders usually requires
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longer incubation, generally five days. After incubation, colonies are enumerated on each
plate using a Quebec colony counter. To calculate the number of colony forming units per
ml or gram of original sample, counts are multiplied by the inverse of the dilution factor
used and then corrected for the quantity plated (see section 5.0, Calculations).

4.2 Total Aerobic Heterotrophic Microorganisms

For detection of total aerobic heterotrophic microorganisms, a general growth
medium containing a source of carbon, nitrogen and phosphorous, such as plate count agar
(Difco 0479) is used. Methods for detection of total heterotrophs are described in Clark,
1982 and AWPA, 1986. The agar is prepared according to label instructions and sterilized
using an autoclave (121.6°C at 15 pounds of pressure) for 45 minutes. The agar is cooled
in a water bath (40°F) and approximately 15-ml portions are poured into petri plates. The
plates are allowed to solidify at room temperature.

The samples for microbial enumeration are serially diluted in duplicate per sample.
Spread plates are prepared from the diluent sample tubes to achieve dilution factors of 10 -
10%. The plates are incubated for 48 to 72 hours and enumerated as described in Section
4.1.

43 Polynuclear Aromatic Hydrocarbon (PAH) Degraders

To enumerate PAH degraders, phenanthrene is added to Noble agar plates (Difco
0142; 10 grams per liter of deionized, organic-free water) as the sole source of carbon. A
minimal salts solution (method modified from Shiaris and Cooney, 1983) is also added. Due
to the low water solubility of phenanthrene the compound is dissolved in acetone (five grams
of phenanthrene per liter acetone) and a two-ml portion of the phenanthrene-acetone
mixture is spread evenly on the surface of a prepared agar plate. Plates are allowed to dry
(and acetone to evaporate) overnight. After drying, the phenanthrene appears as a cloudy
film on the agar surface. ‘

The sample dilutions generally plated are between 10® and 10°. Dilutions are plated
by aseptically transferring 0.1 ml aliquots to the agar surface while the plate is positioned
and spinning on the spin plate apparatus. A "hockey stick” is used to evenly spread the
inoculum. The plates are incubated at room temperature for three to five days. PAH
degrading colonies are differentially identified as those colonies surrounded by zones of
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clearing. Viewing the phenanthrene plates with an ultraviolet light source may intensify
clearing zones making enumeration an easier task.

44 Other Specific Degraders

To enumerate specific VOA degrading organisms, a sealed incubator is used in
addition to materials listed in Section 3.0. A desiccator which allows a controlled volume
of volatile organics (i.e., toluene, diesel) to enter the system is used as the incubator. To
prevent toxicity, the incubator is vented at intervals with air. During incubation, the
inoculated plates are placed in an inverted position and petri plate covers are not utilized
which allows gas exchange between the incubator and the agar surface. Noble Agar plates
containing minimal salts are prepared as described in Section 4.3. Serial dilutions are
performed and appropriate dilutions plated on the minimal salts media. The inoculated
plates are then incubated in the sealed chamber as described in the previous paragraph.
The plates are incubated at room temperature and vented with the VOAs twice a day for
approximately one hour. Between venting periods with VOA compounds, the chamber is
flushed with air. The plates are incubated for 4 to 6 days, then counted using a Quebec
colony counter. '

4.5 Degraders of Volatile Organic Aromatic (VOA) Compounds

Four enumerating specific microbial nutritional groups or "specific degraders”, a
minimal salts medium (see Appendix), prepared in organic-free deionized water,
supplemented with the test compound serving as the sole carbon source for growth is used.
Water-soluble compounds with low volatility can be added directly to the medium (salicylate,
glucose, pentachlorophenol, etc.). For those compounds which are either water insoluble
or highly volatile such as biphenyl or naphthalene, a small amount (one mg) of the
compound is placed in the lid of agar plate following inoculation and the plate is sealed with
parafilm. The compound is therefore not allowed to contact the media surface.

As previously described, samples are serially diluted in duplicate or triplicate per
sample. The tube contents which are generally plated are those with dilution factors in the
range of 10° to 10°. The dilution factor may be adjusted accordingly using site information.
The plates are incubated for three to five days prior to enumerating all colony forming units
on the plate surface.
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4.5.1 Hydrocarbon Degraders

Specific classes of hydrocarbon degraders are enumerated using a modification of the
method described by Seki (1973). A hydrocarbon emulsion is first prepared by mixing 2.5
grams of a specific hydrocarbon and 0.05 g of Tween 80 in 97.5 ml of sterile deionized
(organic-free) water.  Hydrocarbons including hexadecane, pristane, cyclohexane,
butylcyclopentane and dodecane may be used. Compounds having a flash point above
sterilization temperature may be autoclaved for 20 minutes, however, preparation in sterile
water, using sterile glassware and aseptic technique is sufficient to exclude contamination of
hydrocarbon stock solutions. Following preparation, hydrocarbon mixtures are emulsified
using an ultrasonic oscillator for 10 minutes.

Nobel Agar, which contains no organic or inorganic constituents, is prepared by
adding 10 g of agar per liter of organic-free deionized water. The agar base is amended
with inorganic nutrients by the addition of 100 m! of a 10X solution of minimal salts medium
(prepared in organic-free water). The medium is sterilized in the autoclave for 45 minutes.

Specific hydrocarbon plates are then prepared by aseptically transferring 250
microliters of the hydrocarbon stock to a sterile petri plate, pouring 15-ml of Nobel Agar
into the plate and swirling to disperse the hydrocarbon emulsion throughout the medium.
The concentration of hydrocarbon present is approximately 470 ppm. Plates are allowed to
gel and then stored at 20°C overnight prior to use.

Subtraction of counts obtained on media without added hydrocarbons (Nobel Agar
alone and Nobel Agar plus 10 ppm Tween 80) eliminates overestimates from both the
growth of oligotrophic microorganisms and organisms capable of growth on trace organic
contaminants.

Hydrocarbon degraders are enumerated by serially diluting samples, and preparing
spread plates with dilution factors in the range of 10? to 10%. The dilution factor may be
adjusted accordingly using site information. The plates are incubated for five days prior to
enumerating all colony forming units on the plate surface.
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4.6 Qil ders

The most probable number (MPN) method represents an alternative to the plate
count method for determination of specific groups of viable organisms. The MPN method
is a practical analysis based on a Poisson distribution. Successive dilution of the sample is
carried out to the point of extinction at which no growth is observed. In the MPN method
a sample is serially diluted with five replicates at each dilution. For estimating the
concentration of oil degrading organisms, the test procedure is designed so that increases in
turbidity (growth) with formation of small oil droplets can be seen, and subsequently scored
as positive. Each replicate is scored as positive or negative with no attempt to quantify the
number of microorganisms within a positively scored replicate. The number of positives and
negatives at the dilution step before the extinction point is used in conjunction with
appropriate statistical tables to obtain the number of oil degrading microorganisms.

For enumeration of oil degraders, test tubes containing 8 to 10 ml of minimal salts
(MS) media and 50 to 100 microliters (ul) of sterile motor oil (sole carbon source) are
prepared and sterilized. Five MPN tubes are then inoculated with 0.1 ml for each ten-fold
dilution to be tested (generally 10* to 107). The inoculated tubes are then incubated at a
50 degree angle on a shaker table (250 rpm) for five days. Positive tubes are identified and
enumerated. An MPN statistical table (see Appendix) is then used to obtain the actual
number of oil degraders present in a sample.

4.7 Differentiation of Cultures

Differentiation and identification of dominant microbial taxa from an environmental
sample may be accomplished by a series of microbiological enrichment and isolation
techniques. Preliminary recognition tests, including Gram stains for morphological
identification, motility, oxidase and catalase tests, and oxidation fermentation tests may be
performed. API Analytab Products (API, Plainview, New York) Rapid NFT and 20E
biochemical test strip systems may then be used for differentiation and identification of
individual isolates. -

In cases where biochemical teSting of microbial isolates using the API NFT and 20E
strips do not yield code identification numbers registered in the API identification data base,
isolates in pure culture are submitted to Microcheck, Inc. (Northfield, VT) for identification
by cellular fatty acid analysis. Briefly, the bacterial identification system used by Microcheck
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consists of extraction of bacterial cellular fatty acids and analysis by gas chromatography
using a flame jonization detector. Fatty acid separation is accomplished using a five percent
methyl phenyl silicone capillary column. Fatty acids are identified by retention times, and
profiles of unknowns compared to the fatty acid profiles of database strains. The
comparison of the fatty acid profile of the unknown to those in the database is accomplished
by principal component analysis and pattern recognition.

5.0 CALCULATIONS

Colony forming units (CFU) = number of colonies counted times the inverse of the
corresponding dilution factor, divided by the volume plated. The results are expressed as
10% cells/(g or ml). '

6.0 QUALITY ASSURANCE AND CONTROL

All standard lab and sampling procedures (ReTec Laboratory QA/QC Manual) are
followed to ensure accurate and reliable data are generated. Lab procedures ensure the
equipment is cleaned and are adequate for the objectives of the study to minimize
ambiguous results. Sampling methods are done in accordance with stated objectives and in
a manner which is representative of test conditions established for the study. Sample design
and data interpretation are in accordance with statistical methodologies to ensure definitive
conclusions of the experiment.

The work area in which microbial enumerations are to be performed should be a
non-porous surface which can be disinfected on a routine basis. The preferred working area
is within a laminar flow hood.

The samples should be analyzed as soon as possible after collection to minimize
changes in bacterial population. If the samples cannot be analyzed within 8 hours of
collection, the sample should be maintained at a temperature below 4°C, but not frozen.
Samples must be analyzed within 30 hours of receipt. The plates should be counted
promptly following the appropriate incubation period.
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Sterile plates or liquid media are included with all sample sets to ensure that
laboratory contamination has not occurred.

All work performed is recorded in a permanent laboratory notebook for future
reference. Analytical results are stored in a central lab file with the copies attached in the
laboratory notebook. Chain-of-Custody and request for analysis sheets accompany all
samples entering and exiting the lab. A copy of the Chain-of-Custody is kept on file until
completion of the study.

7.0 RESPONSIBILITIES

The project engineer/scientist is responsible for the sampling procedures, sampling
design and operating parameters for each experiment. The project engineer also prepares
the final report and maintains the project files and notebook.

The project manager is expected to coordinate scheduling and provide oversight to
ensure the specific objectives of each test are met.

The laboratory technician is responsible for the execution of the laboratory tests.
Standard lab procedures are followed to ensure accuracy and precision. He/she is also
expected to record the methods, observations and deviations of each test in the dedicated
lab notebook for that specific project.
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8.0 HEALTH AND SAFETY

A comprehensive health and safety program has been developed and is maintained
at ReTeC'’s laboratory facilities. All analytical chemistry and treatability work is conducted
in accordance with the Corporate Chemical Hygiene Plan and the Health and Safety
Program.

All technical and support staff receive regular training and instruction in safe work
practices and in procedures for dealing with accidents involving test substances. All
laboratory operations are approved by the laboratory manager prior to implementation.
Select carcinogens, reproductive toxins and substances having a high degree of acute toxicity
are used only in posted, "Designated Areas".

Formal laboratory inspections are conducted on a quarterly basis to ensure
compliance with existing laboratory policies and government regulations. Workplace air
samples and wipe samples are conducted for determination of the amount and nature of
airborne and/or surface contamination, and for use in the evaluation and maintenance of
appropriate laboratory conditions. Air sampling is accomplished using the NiOSH grab
sampling method with Drager colorimetric tube apparatus. Results of air monitoring are
posted as required by the OSHA Lab Standard (29CFR 1910.1450).

Material Safety Data Sheets (MSDS) for all chemicals in the laboratory are
maintained in three ring binders. All laboratory employees are trained in accessing and
proper interpretation of MSDS files. The MSDS documents are readily available to
employees and are located just adjacent to the laboratory, in the Health and Safety Officers
possession. This area is accessible to all employees, at all times. In addition to the MSDS
files, a number of other technical references which provide information pertaining to proper
hazardous chemical handling procedures, proper disposal practices of chemicals in
laboratories and various encyclopedias of chemicals, drugs and biologicals are available.
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All personnel involved in use of hazardous agents obtain yearly medical examinations
and surveillance and are provided with proper protective equipment necessary for the safe
performance of their jobs. Personal protective equipment includes, but is not limited to,
safety glasses with side shields, gloves, a clean lab coat and/or apron and a respirator. A
standard operating procedure for the selection, care and proper use of respirators is
available and is based on the OSHA Respiratory Protection Standard (29 CFR 1910.134).
Work practices are designed using proper engineering controls (fume hoods) so that an
employee’s exposure to hazardous chemicals in the laboratory is minimized.
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APPENDIX

Minimal Salts Media (MS)

Autoclave media with the first three compounds, cool, then add the other compounds
(previously autoclaved).

per liter of DI H,O
(NH,);SO, 200 mg
KH,PO, 350 mg
K,HPO, 775 mg
MgSO, 100 mg (2 ml of 5g/100 ml)
CaCl, 2H,0 70 mg (1 ml of 7g/100 ml)
Metals Stock 1 ml

pH should be 7.0-7.2, adjust with KOH (0.1 N) if necessary.

Metals Stock - 100 ml of stock solution containing:

mg/100 mi of DI H20

FeSO, TH,0 200
CuSO, SH,0 2
CoCl, 6H,0 2
MnCl, 4H,0 20
NaMoO, 2H,0 10
ZnSO, TH,0 10
Autoclave

For a solid minimal salts media, combine MS with 12 g/l agar. Add agar to carbon (if water-
soluble and low volatility), ammonium, and phosphate solution and autoclave. Allow to cool
to 40°C in water bath before adding other salt and metal stock solutions.



MOST-PROBABLE-NUMBER METHOD FOR MICROBIAL COUNT

per dilution (Cochran, 1950).

Table of most probable numbers for use with 10-fold dilutions and 5 tubes

P, P, Most probable number for indicated values of P,
0 1 2 3 4 S

0 0 - 0.018 0.036 0.054 0.072 0.090
0 1 0.018 0.036 0.055 0.073 0.091 0.1
0 2 0.037 0.055 0.074 0.092 0.11 0.13
0 3 0.056 0.074 0.093 0.11 0.13 0.15
0 4 0.075 0.094 0.1 0.13 0.15 0.17
0 S 0.094 0.11 0.13 0.15 0.17 0.19
1 0 0.020 0.040 0.060 0.080 0.10 0.12
1 1 0.040 0.061 0.081 0.10 0.12 0.14
1 2 0.061 0.082 0.10 0.12 0.15 0.17
1 3 0.083 0.10 0.13 0.15 0.17 0.19
1 4 0.11 0.13 0.15 0.17 0.19 0.22
1 5 0.13 0.15 0.17 0.19 0.22 0.24
2 0 0.045 0.068 0.091 0.12 0.14 0.16
2 1 0.068 0.092 0.12 0.14 0.17 0.19
2 2 0.093 0.12 0.14 0.17 0.19 0.2
2 3 0.12 0.14 0.17 020 0.2 025
2 4 0.15 0.17 0.20 023 0.25 0.18
2 5 0.17 0.20 0.23 0.26 0.29 032
3 0 0.078 0.11 0.13 0.16 0.20 023
3 1 0.11 0.14 0.17 020 0.23 0.27
3 2 0.14 0.17 0.20 0.24 0.27 031
3 3 0.17 021 0.24 028 031 035
3 4 021 024 0.28 032 036 0.40
3 5 0.25 029 032 037 0.41 0.45
4 0 0.13 0.17 0.21 0.25 0.30 0.36
4 1 0.17 0.21 0.26 031 036 0.42
4 2 0.22 026 032 038 0.44 0.50
4 3 0.27 033 0.39 0.45 0.52 0.59
4 4 0.34 0.40 0.47 054 0.62 0.69
4 S 041 0.48 0.56 0.64 0.72 0.81




MOST-PROBABLE-NUMBER METHOD FOR MICROBIAL COUNT (wndnued)

Table of most probable numbers for use with 10-fold dilutions and 5 tubes
per dilution (Cochran, 1950) - (continued)

P, P, Most probable number for indicated values of P,

0 1 2 3 4 5
5 0 023 031 0.43 0.58 0.76 0.95
5 1 033 0.46 0.64 0.84 1.1 13
5 2 0.49 0.70 0.95 12 15 1.8
5 3 0.79 1.1 14 18 21 25
5 4 13 1.7 22 28 35 43
5 5 24 35 5.4 92 16 -

Calculations

To calculate the most probable number of organisms in the original sample, select as P, the number
of positive tubes in the least concentrated dilution in which all tubes are positive or in which the
greatest number of tubes is positive, and let P, and P, represent the numbers of positive tubes in the
next two higher dilutions. Then find the row of numbers in Table 100-1 in which P, and P,
correspond to the values observed experimentally. Follow that row of numbers across the table to
the column headed by the observed value of P;. The figure at that point of intersection is the
probable number of organisms in the quantity of the original samples presented in the inoculum
added in the second dilution.
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1.0 SCOPE

This standard operating procedure (SOP) describes the methods for stimulation tests.
This test involves incubating the contaminated waste in a sealed flask for generally 3-7 days.
Typically, at least two treatments are compared. One set of flasks has only oxygen added
(provided by the shaking action and gas transfer from the atmosphere). The other flasks
have oxygen plus inorganic nutrients added. Counts of total numbers of aerobic
heterotrophic microorganisms, and of other organisms of interest, are performed before and
after the incubation to assess the microbial response to conditions conducive of growth.

2.0 SIGNIFICANCE AND USE

Stimulation tests are performed to determine whether the microbial population can
increase to significant levels under optimal conditions. A secondary objective is to identify
the environmental factors currently limiting microbial growth in the sample. The test can
also include chemical analyses for the compound(s) of interest to rapidly assess the
biodegradability of the compound(s) under optimal conditions. The stimulation test is an
inexpensive first step to establish treatability, and is often followed by more extensive bench-
scale testing. :

While microbial counts can provide presumptive evidence for the feasibility of
bioremediation at a given site, it is often useful to include initial and final chemical analyses
as well. These analyses are necessary to prove that the compound(s) of interest are
degraded during an incubation designed to promote high levels of microbial activity. In such
cases, sterile controls are generally performed to prove that compound disappearance is due
to biological activity. The sterilizing agents used include mercuric chloride, heat, formalin
or radiation depending on the nature of the materials tested.
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The test can be modified to study the impacts of other factors, such as individual
nutrients, growth factors, or organic compounds added to stimulate cometabolism or to
measure the potential toxicity of the material (by comparing the responses at different
dilutions of the waste). The test can also be modified to include the use of respiration as
a measure of overall biological activity in response to nutrients and oxygen (SOP 502), or
mineralization of “C-labelled target compounds to study the specific biodegradation of
contaminants of interest (SOP 540).

3.0 MATERIALS

The following materials (in addition to standard laboratory equipment) are needed
for stimulation test set up and monitoring:

250 ml flasks,

aquarium pump,

plastic tubing,

Site soil or waste samples,

Groundwater sample (preferred but optional),
orbital shaker table, and

Chemicals: KH,PO,, K,HPO,, and (NH4),SO,.

NoUnALPR

4.0 PROCEDURE

4.1 Preparation of samples:

1. If the sample is a soil or concentrated waste; homogenize, determine
the dry weight and total volatile organic carbon.

2. Measure the pH.
3. Enumerate total aerobic heterotrophic microorganisms and other

organisms of interest (e.g., specific degraders). See SOP 510 on
Microbial Enumerations for details.

4.2  Set up of test:

1. Calibrate each 250 ml flask from 100-200 ml by 50- ml increments.
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2. Set up duplicate flasks containing diluted soil or concentrated waste
with site groundwater if available, or dejonized water otherwise. This
test is done to determine whether microbial numbers will respond to
aerobic conditions alone, supplied through shaking the samples to
encourage aeration. The resulting solids loading is 20 percent (on a
dry weight basis) in a total volume of 150 mil.

3. In order to assess nutrient stimulation, add the soil or concentrated
waste to site groundwater or deionized water containing the following
nutrients: 100 ppm nitrogen as (NH,),SO, and 10 ppm phosphorous
(as KH,PO,). The flasks are otherwise identical to the aeration only
flasks described in step 3. Duplicate flasks are set up for each
treatment.

4. Set up duplicate flasks with the free product or target compound added
to ensure that sufficient carbon is available. Additions are typically at
100 mg/L unless solubility or toxicity considerations warrant otherwise.

S. If needed, a sterile control is set up similar to above treatments with
sterilizing agents added. The sterilizing agents include mercuric
chloride (1%), heat (autoclaving if contaminants are not volatile),
formalin (1%), or radiation (3 Mrad gamma-irradiation), depending on
the nature of the materials tested. Sterile controls prove that
compound disappearance is due to biological activity.

6. Seal flasks with cotton and incubate at 22 degrees C for 3-7 days on an
orbital shaker at 200 rpm to promote aeration. Incubation for 3 days
is most common unless there is an indication that a long lag period is
likely. The objective is to let the microbial population to grow to
stationary phase.

43  Sampling:
1. One-ml samples are taken at the end of the incubation. Total aerobic

microorganisms are enumerated, as well as specific degraders of
interest. The results are compared to the initial numbers (Section 4.1)
to determine the degree of stimulation.

2. Initial and final chemical analyses may be performed to show that the
compound(s) of interest are degraded during the incubation.
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5.0 QUALITY ASSURANCE AND CONTROL

All standard lab and sampling procedures (ReTec Laboratory QA/QC Manual) are
followed to ensure that accurate and reliable data are generated. Lab procedures ensure
the equipment is cleaned and adequate for the objectives of the study in order to minimize
ambiguous results. Sampling methods are done in accordance with stated objectives and in
a manner which is representative of test conditions established for the study. Sample design
and data interpretation are in accordance with statistical methodologies to ensure definitive
conclusions of the experiment.

All work performed is recorded in a permanent laboratory notebook for future
reference. Analytical results are stored in a central lab file with copies pasted into the
laboratory notebook. Chain-of-Custody and request for analysis sheets accompany all
samples entering and exiting the lab. A copy of the Chain-of-Custody is kept in file until
completion of the study.

6.0 RESPONSIBILITIES

The project engineer/scientist is responsible for the sampling procedures, sampling
design and operating parameters for each experiment. The project engineer also prepares
the final report and maintains the project files and notebook.

The project manager is expected to coordinate scheduling and provide oversight to
ensure the specific objectives of each test are met. The laboratory technician is responsible
for the execution of the laboratory tests. Standard lab procedures are followed to ensure
accuracy and precision. He/she is also expected to record the methods, observations and
deviations of each test in the dedicated lab notebook for that specific project.

7.0 HEALTH AND SAFETY

A comprehensive health and safety program has been developed and is maintained
at ReTeC’s laboratory facilities. All analytical chemistry and treatability work is conducted
in accordance with the Corporate Chemical Hygiene Plan and the Health and Safety

Program.

All technical and support staff receive regular training and instruction in safe work
practices and in procedures for dealing with accidents involving test substances. All
laboratory operations are approved by the laboratory manager prior to implementation.
Select carcinogens, reproductive toxins and substances having a high degree of acute toxicity
are used only in posted, "Designated Areas".

Revision: 1 SOP#545
1/18/91 Page 4 of 5



Formal laboratory inspections are conducted on a quarterly basis to ensure
compliance with existing laboratory policies and government regulations. Workplace air
samples and wipe samples are conducted for determination of the amount and nature of
airborne and/or surface contamination, and for use in the evaluation and maintenance of
appropriate laboratory conditions. Air sampling is accomplished using the NiOSH grab
sampling method with Drager colorimetric tube apparatus. Results of air monitoring are
posted as required by the OSHA Lab Standard (29CFR 1910.1450).

Material Safety Data Sheets (MSDS) for all chemicals in the laboratory are
maintained in three ring binders. All laboratory employees are trained in accessing and
proper interpretation of MSDS files. The MSDS documents are readily available to
employees and are located just adjacent to the laboratory, in the Health and Safety Officers
possession. This area is accessible to all employees, at all times. In addition to the MSDS
files, a number of other technical references which provide information pertaining to proper
hazardous chemical handling procedures, proper disposal practices of chemicals in
laboratories and various encyclopedias of chemicals, drugs and biologicals are available.

All personnel involved in use of hazardous agents obtain yearly medical examinations
and surveillance and are provided with proper protective equipment necessary for the safe
performance of their jobs. Personal protective equipment includes, but is not limited to,
safety glasses with side shields, gloves, a clean lab coat and/or apron and a respirator. A
standard operating procedure for the selection, care and proper use of respirators is
available and is based on the OSHA Respiratory Protection Standard (29 CFR 1910.134).
Work practices are designed using proper engineering controls (fume hoods) so that an
employee’s exposure to hazardous chemicals in the laboratory is minimized.
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YRETEC

STANDARD METHOD FOR RESPIROMETRY USING THE BI-1000 AUTOMATED
RESPIROMETER

Approva;l: m Date: 4~ 8§22
Approval: W%ﬂ Date: %’ {‘_ 72—‘/

1.0 SCOPE

This SOP describes the methods to be used to perform respirometry testing of soil,
slurry, or liquid samples using the Bioscience (Bethlehem, PA) BI-1000 Automated
Respirometer. Respirometry may also be performed using the Gilson Volumetric
Respirometer (sce SOP 525). However, the BI-1000 offers several advantages over the
Gilson instrument including continuous automated data recording, improved sensitivity,
automatic computational and graphics functions, and real-time graphical results monitoring.

The BI-1000 is exclusively designed for use with aerobic samples.

2.0 SIGNIFICANCE AND USE

Respirometry provides a convenient and rapid method to determine the level of
biological activity in waste samples (soil, water or slurry) by measuring the oxygen
consumption rates of the test samples. The biological activity in a sample may be affected
by microbial biomass, nutrient levels, sample biotaxdicity, pH and dissolved solids levels, and
other chemical/physical factors. Experiments in which respirometric measurements are made
while experimental conditions are manipulated can provide information on how to optimize
biological activity in a test waste and thus expedite bioremediation processes.

The uses of the BI-1000 respirometer include, but are not limited to, the following:

. Solids Loading Optimuation Testing (Respirometric measurements of a
sample slurry over a range of solids loadings to determine the loading at which
biological activity is optimized).

. Carbon/Nutrient Limitation Testing (Respirometric measurements of test
samples with and without carbon/nutrient amendments to determine whether
these conditions are limiting).
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. Sample Biotoxicity Testing (Respirometric measurements of test samples over
a range of waste component concentrations to determine the level at which
the waste components demonstrate biotoxicity).

. Inoculum Compatibility Testing (Respirometric monitoring of the success or
failure of microbial inoculum to adapt to a sample matrix).

3.0 MATERIALS

The following equipment and materials are required to perform respirometric testing
with the BI-1000:

. BI-1000 Automated Respirometer with data disk and software;

. test incubation flasks (500 or 1000 mL) with electrolytic cell and CO, scrubber
assemblies;

. test soil/waste;

. magnetic stir bars;

. deionized water, clean site water or clean site soils; and
. chemicals (nitrogen and phosphorus nutrient salts, contaminants of concern,
nitrification inhibitors, etc.).

Refer to the BI-1000 instructions manual for information on maintenance, operation
and calibration of the instrument.

4.0 PROCEDURES

The number and type of experimental conditions selected for the respirometry test
will depend on objectives of the study set forth in the treatability work plan. Most
experiments involve comparison of at least two test conditions (i.e., unamended v. nutrient
amended soils, or clean v. contaminated waste-slurry samples. Other experiments, such as
biotoxicity testing, may involve three or four test conditions (i.., 0, 2, 5, 10, 25 ppm TCE
in groundwater samples).

Prior to conducting respirometry tests, an understanding of the physical and chemical
properties of the test sample may be required. The information obtained from baseline
analyses of the waste can be critical for establishing the appropriate test conditions and/or
interpreting the results of the tests. The baseline data may suggest approaches for optimizing
biological activity which would otherwise be overlooked. Soil matrix properties of interest
may include pH, texture, field capacity, total organic carbon, nutrient (i.., nitrogen and
phosphorus) concentrations, and contaminant concentrations. Waste properties of interest
may include pH, moisture content, solids content, oil and grease (as a gross organics
indicator), and the concentrations of any specific constituents that may, based on site history,
be a potential microbial toxicant.
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4.1 Preparation of Sample Chambers

Check the BI-1000 instrument log to determine whether recalibration of the
electrolytic cells is required, and calibrate if necessary.

Prepare each test sample as described in the work plan. This may include
screening of soil samples to remove debris and gravel, preparation of slurry
samples with the desired solids loadings, dilution of waste soils or water with
uncontaminated site soil/water samples, or addition of sample amendments
such as nutrients or microbial inocula.

Load the prepared waste sample into the appropriate, sterile sample chamber.
A magnetic stirring bar should be added to liquid or slurry-phase wastes.
Maintain careful records of all sample preparation and sample chamber
loading activity (i.c., amount of waste added to the chamber). -

Assemble the electrolytic cell, CO, scrubber and gas volume transducer for
each sample chamber (refer to BI-1000 instrument manual). Common
problems with the apparatus assembly include improper electrode placement
(i.e., electrodes bent and touching glass walls of apparatus) and incorrect
electrolyte and/or CO, absorbent levels.

Check the water level and temperature in the water bath and the check the
operation of the internal barometer. Make adjustments if necessary.

Assemble each sample chamber and connect each to the cell control unit via
the cell’s electrical cable. Position each chamber in the water bath and adjust

operation of the magnetic stirrer (liquid and slurry samples).

4.2 Operation of Respirometer (Refer to instrument operating instructions)

1.

2.
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Boot up the computer and access the main BI-1000 operation program.

Access each new sample cell and set the cell’s operating parameters (refer to
instrument manual).

Perform cell leak test for each sample chamber, and reassemble cell if
necessary.

Start each cell (refer to instrument manual).

SOP #526
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S. After several hours of operation, check the progress of the experiment using
the Display Graph function (refer to manual). Compare the observed results
with the expected results. Adjust the cell’s operating parameters if necessary.

6. Check the progress of the experiment daily and save cell data to disk.
Correct any operations problems (such as stir bar decoupling) and record
relevant information in the project laboratory notebook. Check water bath
temperature and level and adjust if necessary.

7. At the end of the experiment save final data to disk. Convert data to the
desired format (refer to project work plan) and prepare test narrative for
client, if appropriate.

8. Record instrument usage in BI-1000 instrument log and on project charge
sheets. ’

9. Clean all BI-1000 apparatus used, including glassware and electrodes, and
return to appropriate places.

5.0 CALCULATIONS

Data processing by the BI-1000 is automatic. However, each cell’s operating
- parameters should be checked against the sample preparation records to ensure that all
computations were made with the appropriate assumptions.

If cell data is transferred to a different software package (such as LOTUS or
FREELANCE) the data should be checked to ensure that no errors occurred during data

transferral.

Oxygen consumption by the sample is equivalent to the oxygen production by the
oxygen clectrodes during cell operation (converted to mg/l. or mg/Kg based on sample

quantity).
The oxygen uptake rate (OUR) of the sample is the oxygen consumption by the

sample with respect to time.

The oxygen consumption rate change is the change in oxygen uptake rate with respect
to time. A change in OUR might be expected if a sample amendment was added either at
the beginning or in the middle of an experiment.
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6.0 QUALITY ASSURANCE AND CONTROL

All standard lab and sampling procedures (ReTec Laboratory QA/QC Manual) are
followed to ensure accurate and reliable data are generated. Lab procedures ensure the
equipment is cleaned and adequate for the objectives of the study to minimize ambiguous
results. Sampling methods are done in accordance with stated objectives and in a manner
which is representative of test conditions established for the study. Sample design and data
interpretation are in accordance with statistical methodologies to ensure definitive

conclusions of the experiment.

All work performed is recorded in a permanent laboratory notebook for future
reference. Analytical results are stored in a central lab file with copies pasted into the
laboratory notebook. Chain-of-custody and request for analysis sheets accompany all
samples entering and exiting the lab. A copy of the chain-of-custody is kept in file until

completion of the study.

BI-1000 usage, maintenance and calibration records are kept in the permanent
BI-1000 instrument log. Calibration of the BI-1000 is performed every 2 months during
regular operation.

7.0 RESPONSIBILITIES

The project engineer/scientist is responsible for the sampling procedures, sampling
design and operating parameters for each experiment. The project engineer also prepares
of the final report and maintains the project files and notebook.

The project manager is expected to coordinate scheduling and provide oversight to
ensure the specific objectives of each test are met.

The laboratory technician is responsible for the execution of the laboratory tests.
Standard lab procedures are followed to ensure accuracy and precision. He/she is also
expected to record the methods, observations and deviations of each test in the dedicated

lab notebook for that specific project.

8.0 HEALTH AND SAFETY

A comprehensive health and safety program has been developed and is maintained
at ReTeC’s laboratory facilities. All analytical chemistry and treatability work is conducted
in accordance with the Corporate Chemical Hygiene Plan and the Health and Safety

Program.
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All technical and support staff receive regular training and instruction in safe work
practices and in procedures for dealing with accidents involving test substances. All
laboratory operations are approved by the laboratory manager prior to implementation.
Select carcinogens, reproductive toxins and substances having a high degree of acute toxicity
are used only in posted, "Designated Areas”.

Formal laboratory inspections are conducted on a quarterly basis to ensure
compliance with existing laboratory policies and government regulations. Work place air
samples and wipe samples are conducted for determination of the amount and nature of
airborme and/or surface contamination, and for use in the evaluation and maintenance of
appropriate laboratory conditions. Air sampling is accomplished using the NIOSH grab
sampling method with Drager colorimetric tube apparatus. Results of air monitoring are
posted as required by the OSHA Lab Standard (29CFR 1910.1450).

Material Safety Data Sheets (MSDS) for all chemicals in the laboratory are
maintained in three ring binders. All laboratory employees are trained in accessing and
proper interpretation of MSDS files. The MSDS documents are readily available to
cmployees and are located just adjacent to the laboratory, in the Health and Safety Officers
possession. This area is accessible to all employees, at all times. In addition to the MSDS
files, a number of other technical references which provide information pertaining to proper
hazardous chemical handling procedures, proper disposal practices of chemicals in
laboratories and various encyclopedias of chemicals, drugs and biologicals are available.

All personnel involved in use of hazardous agents obtain yearly medical examinations
and surveillance and are provided with proper protective equipment necessary for the safe
performance of their jobs. Personal protective equipment includes, but is not limited to,
safety glasses with side shields, gloves, a clean lab coat and/or apron and a respirator. A
standard operating procedure for the selection, care and proper use of respirators is
available and is based on the OSHA Respiratory Protection Standard (29 CFR 1910.134).
Work practices are designed using proper engineering controls (fume hoods) so that an
employee’s exposure to hazardous chemicals in the laboratory is minimized.
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STANDARD METHOD FOR NUTRIENT ADSORPTION TESTING

APPROVAL: &%/%/\ DATE: A de~72
APPROVAL: % % DATE: 2-26— 92

1.0 SCOPE

This standard operating procedure (SOP) describes the methods for testing nutrient
adsorption by soils. This test involves spiking a soil slurry with a known nutrient concentration
and measuring nutrients in the water portion after 24 hours.

2.0 SIGNIFICANCE AND USE

Nutrient adsorption testing provides an indication of the extent of nutrient binding by soil.
Results of this testing reveals possible concems about the availability of nitrogen and
phosphorous to microorganisms during in situ treatment. Further testing may include soil
column testing to determine if nutrient interactions will decrease permeability, and to evaluate
rates of nutrient transport through site soils.

The adsorption of nutrients by soil particles is most likely due to high concentrations of
calcium and magnesium. Additional testing to be performed on soils that show high nutrient
adsorptive capability includes pretreatment with polyphosphates which attach to binding sites that
could potentially adsorb nutrients.
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3.0 MATERIALS

The following materials (in addition to standard laboratory equipment) are needed for
nutrient adsorption testing set up and monitoring:

250-ml Erlenmeyer flask

cover for flasks (foil)

ammonium chloride (NH,Cl)

potassium phosphate mono- and di-basic (KH,PO, and K,HPO,)
potassium tripolyphosphates

shaker table

centrifuge

filtering apparatus

NN EAE LD -

4.0 PROCEDURE

4.1 Set Up and Sampling

1. Make a nutrient stock of 500 ppm nitrogen as NH,Cl and 500 ppm phosphate as
an equimolar mixture of KH,PO, and K,HPO, in deionized water (DI). Adjust
pH to 7.0.

2. Make a 10% slurry (x grams of soil:x grams of nutrient stock) for each soil in
a total volume of 200 mL. Place each slurry in a 250 mL flask and adjust pH to
7.0.

3. Cover each flask.

4, Place each flask on a shaker table (150 rpm) and incubate at room temperature
for 24 hours.
S. After 24 hours, separate the soil and water portions by centrifugation and/or
filtering.
Revision: 1 SOP #730
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6. Submit an initial nutrient stock sample and the final water portion from each
slurry sample (properly preserved) for nutrient analysis of ammonia-nitrogen and
orthophosphate.

7. Compare the nutrient concentrations in the initial and final samples to determine
the extent of nutrient adsorption.

4.5 tion

1. If a groundwater sample collected from the same site is available, it can be used
in place of DI water for each slurry.

2. If high nutrient adsorption (greater than 50% of initial concentration) is observed,
then the soil can be pretreated with polyphosphates (100 ppm) prior to testing.

3. Make a slurry with 100 ppm polyphosphate solution. Place on
shaker table for approximately 1 hour.

4, Centrifuge and decant aqueous phase.

5. Repeat nutrient adsorption test.

5.0 QUALITY ASSURANCE AND CONTROL

All standard lab and sampling procedures (ReTeC Laboratory QA/QC Manual) are
followed to ensure that accurate and reliable data are generated. Lab procedures ensure the
equipment is cleaned and adequate for the objectives of the study in order to minimize
ambiguous results. Sampling methods are done in accordance with stated objectives and in a
manner which is representative of test conditions established for the study. Sample design and
data interpretation are in accordance with statistical methodologies to ensure definitive
conclusions of the e’xperiment;
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All work performed is recorded in a permanent laboratory notebook for future reference.
Analytical results are stored in a central lab file with copies pasted into the laboratory notebook.
Chain-of-Custody and request for analysis sheets accompany all samples entering and exiting the
lab. A copy of the Chain-of-Custody is kept on file until completion of the study.

6.0 RESPONSIBILITIES

The project engineer/scientist is responsible for the lab, sampling procedures, sampling
design and operating parameters for each experimental procedure. The project engineer also
prepares the final report and maintains the project file and notebook.

The project manager is expected to coordinate scheduling and provide oversight to ensure
the specific objectives of each test are met. The laboratory technician is responsible for the
execution of the laboratory tests. Standard lab procedures are followed to ensure accuracy and
precision. He/she is also expected to record the methods, observations and deviations of each
test in the dedicated lab notebook for that specific project.

7.0 HEALTH AND SAFETY

A comprehensive health and safety program has been developed and is maintained at
ReTeC’s laboratory facilities. All analytical chemistry and treatability work is conducted in
accordance with the Corporate Chemical Hygiene Plan and the Health and Safety Program.

All technical and support staff receive regular training and instruction in safe work
practices and in procedures for dealing with accidents involving test substances. All laboratory
operations are approved by the laboratory manager prior to implementation. Select carcinogens,
reproductive toxins and substances having a high degree of acute toxicity are used only in
posted, "Designated Areas". ’

Formal laboratory inspections are conducted on a quarterly basis to ensure compliance
with existing laboratory policies and government regulations. Work place air samples and wipe
samples are conducted for determination of the amount and nature of airborne and/or surface
contamination, and for use in the evaluation and maintenance of appropriate laboratory
conditions. Air sampling is accomplished using the NIOSH grab sampling method with Drager
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colorimetric tube apparatus. Results of air monitoring are posted as required by the OSHA Lab
Standard (29CFR 1910.1450).

Material Safety Data Sheets (MSDS) for all chemicals in the laboratory are maintained
in three ring binders. All laboratory employees are trained in accessing and proper
interpretation of MSDS files. The MSDS documents are readily available to employees and are
located just adjacent to the laboratory, in the Health and Safety Officers possession. This area
is accessible to all employees, at all times. In addition to the MSDS files, a number of other
technical references which provide information pertaining to proper hazardous chemical handling
procedures, proper disposal practices of chemicals in laboratories and various encyclopedias of
chemicals, drugs and biologicals are available.

All personnel involved in use of hazardous agents obtain yearly medical examinations and
surveillance and are provided with proper protective equipment necessary for the safe
performance of their jobs. Personal protective equipment includes, but is not limited to, safety
glasses with side shields, gloves, a clean lab coat and/or apron and a respirator. A standard
operating procedure for the selection, care and proper use of respirators is available and is based
on the OSHA Respiratory Protection Standard (29 CFR 1910.134). Work practices are designed
using proper engineering controls (fume hoods) so that an employee’s exposure to hazardous
chemicals in the laboratory is minimized.
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STANDARD METHOD FOR PEROXIDE STABILITY TESTING

APPROVAL%/Z/%% DATE: _J-JY ~92

APPROVAL%WM l\m'/ DATE: 2-26-F2_

1.0 SCOPE

This standard operating procedure (SOP) describes the methods for peroxide stability
testing. This test involves spiking a sample with a known concentration of hydrogen peroxide,
and measuring the peroxide concentration at intervals for a 24 hour period.

2.0 SIGNIFICANCE AND USE

The stability of hydrogen peroxide (H,0,) in a soil and groundwater sample collected
from the same site is tested to determine the feasibility of using peroxide as an alternate oxygen
source during in situ bioremediation. The rate of peroxide decomposition is calculated from a
decay curve. This value can be used to help determine the concentration of peroxide required
for full-scale in situ bioremediation and the subsequent rate of oxygen delivery to the
contaminated areas of the site.

Peroxide decomposition can occur chemically or biologically. Chemically, reduced
minerals (e.g., iron) or possibly organic materials can catalyze peroxide decomposition. Aerobic
and facultative microorganisms which are catalase or peroxidase positive have the capability to
decompose peroxide.

To determine whether peroxide degradation is caused by chemical or biological reactions,
samples are respiked after a 24 hour period and further losses of peroxide are monitored. After
respiking, chemical degradation will normally decrease, while microbial decomposition should
not be significantly affected. Polyphosphates can be added to deactivate minerals that catalyze
peroxide decomposition.
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This method is limited to measuring short term peroxide degradation. It does not account
for long term acclimation of catalase positive microorganisms which could cause significant
peroxide decomposition.

3.0 MATERIALS

The following materials (in addition to standard laboratory equipment) are needed for
H,0, stability testing set up and monitoring:

1. 100 ml volumetric flask

2. Hamilton syringes; 0-10 ul and 0-1000 ul

3. 10 ml test tubes with lids

4. 500 ml Erlenmeyer flask

5. 1 ml and 10 ml pipets

6. Foil

7. H,0, test kit: Lamotte (Chestertown, MD) kit #3188/HP-40

8.  Hydrogen Peroxide

9.  Magnetic stir plate

10.  Filtering apparatus

11.  Centrifuge

12.  Spectrophotometer

13.  Tripolyphosphate (NasP,0,,), optional

4.0 PROCEDURE

4.1  Preparation of Sample

Obtain a soil and groundwater sample for testing which have been collected from the

same site. |

1. Homogenize soil and determine the dry weight.
4.2  Measuring Peroxide Concentration

1. Obtain a clear liquid sample by centrifuging and/or filtering.
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Perform dilution with deionized (DI) water, if necessary, to achieve a H,0,
concentration in the range of 0-50 ppm.

From this sample place 0.5 ml in a test tube and add 9.5 ml of DI water.

Obtain I.émotte test kit. Add one DPD tablet to test tube. Cover, and shake 3
minutes until tablet(s) is completely dissolved.

Add 4 drops of the reagent, and wait exactly 2 minutes for full color to develop,
then measure absorbance at 550 nm using a spectrophotometer. Determine the
H,0, concentration by using the standard curve (see section 4.3).

4.3 Spectrophotometer Preparation

Warm up spectrophotometer (see manual), set wavelength to 550 nm and switch
to visible light.

Make a blank using groundwater (or DI) sample to zero the spectrophotometer.

Make a standard curve from 0-50 ppm H,0, by measuring triplicate standard
H202 solutions of incremental concentrations (i.e., 10, 20, 30, 40 and 50 ppm).

Graph the standard curve, absorbance vs. time.

4.4  Set Up and Monitoring

Revision: 1
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In a 500 ml flask, make a 10 % solids loading soil:groundwater to a total volume
of 200 ml.

Cover entire flask with foil to avoid any degradation of H,0, by light.

Spike slurry with S00 ppm H,0, and record time as time zero. Place flask on a
magnetic stir plate for the duration of the test.
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4. Measure H,0, concentrations at intervals for a 24 hour period. The time
intervals depend on the speed of H,0, decomposition (suggest: 0,1,2,6 and 24
hours).

5. After 24 hours (if any decomposition has been observed), respike with 500 ppm
H,0, and measure concentrations at intervals up to 48 hours (suggest: 26, 30 and
48 hour).

6. Determine the rate of peroxide decomposition by making a decay curve (i.e.,
graph peroxide concentration (ppm) vs. time). From this graph, kinetic analyses
can be performed.

4.5  Optional

1. If a groundwater sample is not available, the groundwater can be substituted for
DI water in the slurry. This would require that DI water be used in place of
groundwater for the blank and the standard curve.

2. If rapid peroxide degradation is observed, the soil can be pretreated with
NasP;0,, to inhibit chemical decomposition.

5.0 QUALITY ASSURANCE AND CONTROL

All standard lab and sampling procedures (ReTeC Laboratory QA/QC Manual) are
followed to ensure that accurate and reliable data are generated. Lab procedures ensure the
equipment is cleaned and adequate for the objectives of the study in order to minimize
ambiguous results. Sampling methods are done in accordance with stated objectives and in a
manner which is representative of test conditions established for the study. Sample design and
data interpretation are in accordance with statistical methodologies to ensure definitive
conclusions of the experiment.

All work performed is recorded in a permanent laboratory notebook for future reference.
Analytical results are stored in a central lab file with copies pasted into the laboratory notebook.
Chain-of-Custody and request for analysis sheets accompany all samples entering and exiting the
lab. A copy of the Chain-of-Custody is kept on file until completion of the study.
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6.0 RESPONSIBILITIES

The project engineer/scientist is responsible for the lab, sampling procedures, sampling
design and operating parameters for each experimental procedure. The project engineer also
prepares the final report and maintains the project file and notebook.

The project manager is expected to coordinate scheduling and provide oversight to ensure
the specific objectives of each test are met. The laboratory technician is responsible for the
execution of the laboratory tests. Standard lab procedures are followed to ensure accuracy and
precision. He/she is also expected to record the methods, observations and deviations of each
test in the dedicated lab notebook for that specific project.

7.0 HEALTH AND SAFETY

A comprehensive health and safety program has been developed and is maintained at
ReTeC’s laboratory facilities. All analytical chemistry and treatability work is conducted in
accordance with the Corporate Chemical Hygiene Plan and the Health and Safety Program.

All technical and support staff receive regular training and instruction in safe work
practices and in procedures for dealing with accidents involving test substances. All laboratory
operations are approved by the laboratory manager prior to implementation. Select carcinogens,
reproductive toxins and substances having a high degree of acute toxicity are used only in
posted, "Designated Areas”.

Formal laboratory inspections are conducted on a quarterly basis to ensure compliance
with existing laboratory policies and government regulations. Work place air samples and wipe
samples are conducted for determination of the amount and nature of airborne and/or surface
contamination, and for use in the evaluation and maintenance of appropriate laboratory
conditions. Air sampling is accomplished using the NIOSH grab sampling method with Drager
colorimetric tube apparatus. Results of air monitoring are posted as required by the OSHA Lab
Standard (29CFR 1910.1450).

Material Safety Data Sheets (MSDS) for all chemicals in the laboratory are maintained
in three ring binders. All laboratory employees are trained in accessing and proper
interpretation of MSDS files. The MSDS documents are readily available to employees and are
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located just adjacent to the laboratory, in the Health and Safety Officers possession. This area
is accessible to all employees, at all times. In addition to the MSDS files, a number of other
technical references which provide information pertaining to proper hazardous chemical handling
procedures, proper disposal practices of chemicals in laboratories and various encyclopedias of
chemicals, drugs and biologicals are available.

All personnel involved in use of hazardous agents obtain yearly medical examinations and
surveillance and are provided with proper protective equipment necessary for the safe
performance of their jobs. Personal protective equipment includes, but is not limited to, safety
glasses with side shields, gloves, a clean lab coat and/or apron and a respirator. A standard
operating procedure for the selection, care and proper use of respirators is available and is based
on the OSHA Respiratory Protection Standard (29 CFR 1910.134). Work practices are designed
using proper engineering controls (fume hoods) so that an employee’s exposure to hazardous
chemicals in the laboratory is minimized.
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